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Conductivity and Hall effect measurements were performed before and after Si3N4 passivation of
intentionally undoped and doped AlGaN/GaN heterostructures on Si and SiC substrates. An increase
of the sheet carrier density ~up to ;30%! and a slight decrease of the electron mobility ~less than
10%! are found in all samples after passivation. The passivation induced sheet carrier density is
1.5– 231012 cm22 in undoped samples and only 0.731012 cm22 in 5 – 1031018 cm23 doped
samples. The decrease of the electron mobility after passivation is slightly lower in highly doped
samples. The channel conductivity in both types of unpassivated samples on Si and SiC substrates
increases with an increase in doping density. After passivation, a well-resolved increase of channel
conductivity is observed in the undoped or lightly doped samples and nearly the same channel
conductivity results in the highly doped samples. © 2003 American Institute of Physics.
@DOI: 10.1063/1.1637154#It is well known that AlGaN/GaN high-electron mobility
transistors ~HEMTs! exhibit significant radio-frequency ~rf!
dispersion1,2 that is attributed to trapping effects caused
mainly by surface states and partially by buffer/active-layer
traps.2,3 Surface passivation has been found to reduce current
slump and microwave power degradation of intentionally un-
doped AlGaN/GaN HEMTs.3 However, the influence of pas-
sivation on device performance is not fully clear yet4 and
application of various insulators, mainly SiO2 and Si3N4 , is
currently under detailed investigation. Mostly intentionally
undoped devices are studied and an increase of carrier den-
sity in the channel is assumed on the basis of the drain cur-
rent and increase in transconductance after passivation.3–8
The only published Hall effect data show an increase of car-
rier density and a decrease of mobility, resulting in lower
channel conductivity of undoped and doped AlGaN/GaN het-
erostructures after SiO2 passivation.9 Recently, degradation
of the rf performance after SiO2 passivation and overall per-
formance improvement after Si3N4 passivation were
observed.10 Similar differences like an increase6 or a
decrease7 of gate leakage current and an increase5 as well as
a decrease3,7 of cut off frequencies of AlGaN/GaN HEMTs
after Si3N4 passivation were reported. All these underscore
the importance of further detailed studies of passivation in
order to optimize the performance of GaN-based devices.
In this letter, we report on passivation-induced changes
in the transport properties of AlGaN/GaN heterostructures.
Conductivity and Hall effect measurements before and after
Si3N4 passivation of heterostructures grown on Si and SiC
substrates were performed. It is shown that the passivation
has different impact on intentionally undoped and doped
samples.
AlGaN/GaN heterostructures were grown on high resis-
tivity Si~111! and semi-insulating SiC substrates by metalor-
ganic chemical vapor deposition. Intentionally undoped
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or 30 nm undoped AlGaN and 3 nm undoped GaN cap ~SiC
substrate! grown on top of a GaN buffer. Doped structures
consisted of a 5 nm undoped AlGaN spacer, a 10 nm thick
Si-doped AlGaN carrier supply layer, and a 5 nm undoped
AlGaN barrier layer, grown on top of GaN buffer. The dop-
ing levels were 231018, 531018, and 131019 cm23. In the
case of the 131019 cm23 doped structure on Si as well as
structures on SiC a 3 nm undoped GaN cap was then grown.
All AlGaN layers have an Al content of xAlN>0.28.
van der Pauw patterns with an active area of 0.3
30.3 mm2 were processed simultaneously to the HEMT de-
vices. Ohmic contact was prepared by evaporating layered
Ti/Al/Ni/Au followed by annealing at 850 °C for 30 s in N2
ambient. Room temperature conductivity and Hall effect
measurements were performed on the same sample before
and after Si3N4 passivation. Plasma-enhanced chemical va-
por deposition at 300 °C was used to prepare 100 and 150 nm
thick Si3N4 layer on samples with Si and SiC substrates,
respectively. The layer thickness and refraction coefficient
were controlled by ellipsometry. In some cases also ;5
35 mm2 samples with alloyed In contacts were used; the
data obtained are consistent, within measurement error, with
those found on patterned ‘‘small’’ samples.
TABLE I. Sheet carrier density, electron mobility, and sheet resistivity of
AlGaN/GaN heterostructures on Si substrates before and after passivation.
ND
(cm23) Passivation
ns
(1012 cm22)
mn
~cm2/V s!
Rs
~V/sq!
undoped yes 7.12 1150 762
undoped no 9.13 1080 631
231018 yes 7.98 1235 638
231018 no 9.81 1160 558
531018 yes 8.76 1173 610
531018 no 9.57 1093 579
131019 yes 9.20 1270 534
131019 no 9.86 1220 5215 © 2003 American Institute of Physics
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resistivity measured before and after passivation are shown
in Tables I and II. The sheet carrier density in unpassivated
samples is 7 – 1131012 cm22 and it increases slightly with
an increase in the level of doping. A well resolved increase
of the carrier density after passivation is found in all samples
investigated. The passivation-induced sheet charge decreases
with an increase in the doping level from 1.5– 2
31012 cm22 on undoped samples to 0.731012 cm22 on
5 – 1031018 cm23 doped samples, as shown in Fig. 1. The
relative change in sheet carrier density after passivation,
shown in Fig. 2, confirms lower impact of passivation on
samples with higher doping. The electron mobility in unpas-
sivated samples on SiC substrates decreases with an increase
in doping ~from 1900 cm2/V s on undoped samples to 1430
cm2/V s on the 531018 cm23 doped sample! and in samples
on Si substrates it is nearly the same (mH>1200 cm2/V s).
The influence of passivation on the electron mobility is less
pronounced than that on the carrier density. Slightly lower
mobilities than before passivation ~less than a 10% decrease!
were evaluated on all passivated samples ~see Tables I and
II!. The relative change in mobility after passivation of in-
tentionally undoped and doped samples is shown in Fig. 2.
Usually it is suggested that passivation of AlGaN/GaN
heterostructures reduces the surface trap density. According
to our results, the number of electrons trapped on the unpas-
sivated surface, which is proportional to the passivation-
TABLE II. Sheet carrier density, electron mobility, and sheet resistivity of
AlGaN/GaN heterostructures on SiC substrates before and after passivation.
ND
(cm23) Passivation
ns
(1012 cm22)
mn
~cm2/V s!
Rs
~V/sq!
undoped yes 6.95 1930 466
undoped no 8.21 1773 430
undoped yes 7.77 1900 423
undoped no 9.36 1725 387
231018 yes 9.32 1590 422
231018 no 10.2 1490 410
531018 yes 10.8 1430 404
531018 no 11.4 1355 405
FIG. 1. Passivation-induced sheet carrier density in intentionally undoped
and doped AlGaN/GaN heterostructures grown on Si and SiC substrates.
The lines are a guide for the eye.
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doping level. This conclusion can be supported by recent
observations of unpassivated devices where the rf dispersion
in doped AlGaN/GaN HEMTs is significantly reduced in
comparison to their undoped counterparts.11,12 Another ex-
planation for the results obtained can be made by considering
stress-induced effects due to passivation. It is well known
that deposition of dielectric layers like SiO2 and Si3N4 pro-
duces residual stress that can range from tensile to compres-
sive ~up to 61 GPa!, depending on the process conditions.13
Recently it was reported that passivation changes in AlGaN/
GaN HEMT performance can be explained by stress-induced
polarization charge14 and depend strongly on the amount of
stress produced by different deposition conditions.15 Thus,
the passivation-induced increase of the sheet carrier density
in the samples investigated follows from an additional piezo-
electric field created by Si3N4 passivation. Lower impact of
passivation on more highly doped samples follows from the
lower piezoresistivity of more highly doped samples.16 The
slightly different impact of passivation on the samples on Si
and SiC substrates can be explained by differences in Si3N4
thickness and thus by differences in stress induced.13 Experi-
ments to answer this question are in progress.
The channel conductivity of AlGaN/GaN heterostruc-
tures on Si and SiC substrates before and after passivation is
shown in Fig. 3. For unpassivated samples the channel con-
ductivity increases with an increase in the doping density.
After passivation, a well resolved increase of channel con-
ductivity is observed on undoped or lightly doped samples,
but nearly the same channel conductivity results on highly
doped samples. From this it follows that the passivation im-
pact on higher doped AlGaN/GaN heterostructures is less
pronounced than on undoped or lightly doped ones.
In conclusion, we performed conductivity and Hall ef-
fect measurements on intentionally undoped and doped
AlGaN/GaN heterostructures before and after passivation.
An increase of the sheet carrier density ~up to ;30%! and a
slight decrease of the electron mobility ~less than 10%! were
found for all samples after passivation. The passivation-
induced sheet carrier density is 1.5– 231012 cm22 on un-
FIG. 2. Relative change in sheet carrier density and electron mobility of
intentionally undoped and doped AlGaN/GaN heterostructures after Si3N4
passivation. The lines are a guide for the eye. AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp
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31018 cm23 doped samples. The channel conductivity of
undoped or lightly doped samples increases after passivation,
but nearly the same channel conductivity results on highly
doped samples.
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